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HE Engineering Experiment Station was established by action

of the Board of Trustees December 8, 1903. 1t is the pur-
pose of the ‘Station-to carry on investigations along various

lines of engineering, and to study problems-of importance to
professional engineers and to the manufacturing, railway, mining,
constructional and industrial interests of the state.

- The control of the Engineering Experiment Station is vested in
the heads of the several departments of the College of Engineering.
These constitute the Station Staff, and with the Director determine
the character of the investigations to be undertaken. The work is
carried on under the supervision of the Staff; sometimes by a research
fellow as graduate work, sometimes by a member of the instructional
force of the College of Engineering, but more frequently by an in-
vestigator belonging to the Station corps.

The restilts of these investigations are published in the form of
bulletins, which record mostly the experiments of the Station’s own
staff of investigators. There will also be‘issued from time to time in
the form of circulars, compilations giving the results of the experi-
ments of engineers, industrial works, technical institutions and gov-
ernmental testing departments. ' ,

The volume and number at the top of the title page of the cover
refer to the general publications of the University of IHlinois; above
the title is given the number of the Engineering Experiment Station
bulletin or circular, which should be used in referring to these pub-
lications. :

For copies of bulletins, circulars or other information, address -
the Engineering Experiment Station, Urbana,, Ilinois.
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2 ILLINOIS ENGINEERING EXPERIMENT STATION

I. InTRODUCTION

The primary object of this study has been to produce a series of
accurate formulas and tables for the different forms and materials of
base and bearing plates. These formulas are required to be as simple
and as easily applied as possible and to be in accordance with the local
building ordinances of the larger cities in the United States.

A secondary purpose has been to devise a similar series of
formulas based on the common theory of the fracture of such plates
and to check the accuracy of these common formulas by experimental
tests of a series of plates designed in accordance with such formulas.
A number of typical plates were so designed and tested in 1907 by
Mr. C. R. Dick, B. S. in Architectural Engineering, and the results
were discussed in his thesis.

Up to the present time, very little study of theory and no experi-
mental research appear to have been devoted to these plates. Even
the German writers usually give incorrect theories with formulas based
thereon, formulas which give erroneous dimensions of base plates.

II. LiMiT oF SAFE PRESSURE OF PLATE oN MASONRY

The maximum safe pressure of the plate on the masonry be-
neath it varies greatly, according to the nature and the resistance of
this material; the requirements of the city building ordinances also
differ considerably for the same kind of masonry. These requirements
seem to be based upon local customs and not on actual experimental
tests. Examples of such maximum safe pressures are here quoted
from the ordinances of New York, Chicago and Washington, D. C,,
selected as representative cities, and these are further compared with
the values given in Kidder’s Pocket Book. (Table 1.)

Therefore this maximum safe pressure of the plate on masonry
appears to vary between 70 and 1000 pounds per square inch, the
larger value being allowed for truly dressed large blocks of stone.
The value to be employed must be taken in accordance with the local
building ordinance.
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TABLE 1

Safe Pressures on Masonry in Pounds per Square Inch

Masonry N.Y. Chicago Wash’ton  Kidder

Granite ...........ciiiin. on... 173.61 1000-2400 1000

Limestone ............... ...... 173.61  700-2300 ........
Sandstone ............... ...... 173.61  400-1600  400-700
Dimension stone, rough.... ...... 138.89 o oo a8
Rubble in portland cement.. 138.89 ...... 140. 150-200
Rubble in natural cement... 111.11 ...... 3 e R e
Rubble in cement and lime. 97.22 ...... 97. ...,
Rubble in lime............ 94.44 ...... 0. ...
Brickwork in portland cement. 208.33 173.61  250. 150-250
Brickwork in natural cement.. ...... 125. 208. ...,
Brickwork in cement and lime. 159.72 ...... 160. ...,
Brickwork in lime......... 111.11 90.28 111. 100-120
Concrete in portland cement 208.33 173.61  208-230 200.

Concrete in natural cement. 111.11 ...... 111-125  ........

III. MaxiMuM SAFE FiBer STRESs IN METAL oF PLATE

This maximum fiber stress in pounds per square inch occurs at
either top or bottom of a plate of uniform thickness, or at the bottom
of a cast-iron plate of tapered thickness. It must not exceed the in-
tensities given in the following table, which are almost uniformly
adopted throughout the United States.

TABLE 2

Maximum Safe Fiber Stress in Plates

Metal " N.Y. Chicago Wash'ton Kidder
Steel, compression............. 16000 16000 16000 16000
Steel, tension. ................ 16000 16000 16000 16000
Wrought Iron, compression..... 12000 12000 12000 12000
Wrought Iron, tension......... 12000 12000 12000 12000
Cast Iron, compression........ 16000 10000 16000 ......
Casteliron; HenSIOnt et e 3000 2500 SIO00 e

Evidently the maximum tensile stress in cast-iron permitted in
Chicago might safely be increased from 2500 to 3000 pounds per
square inch, which is permitted in about one-half the cities in the
United States.
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V. Resurts oF Tests BY C. R. Dick

Employing the preceding formulas, Mr. C. R. Dick designed in
1907 a series of square, octagonal and circular plates of steel and of
cast iron, and afterwards tested them in the testing laboratory of the
University.

Each plate had a bottom area of 400 sq. in. and transmitted the
very moderate safe pressure of 50 1b. per sq. in., making a total maxi-
mum safe pressure of 20000 Ib. for the entire plate. The thickness of
each plate was made such that the maximum safe fiber stress in the
fracture section produced by this maximum safe pressure should not
exceed 16 000 1b. for steel or 2500 Ib. for cast iron in tension, as re-
quired by the Chicago ordinance.

The distribution of the pressure of the plate uniformly over the
lower surface required some form of elastic cushion between the plate
itself and the very rigid bed of the testing machine. A cushion was
composed of several folded blankets, a folded woollen comfortable and
two thicknesses of rubber packing, but it failed under moderate pres-
sures, though not sufficiently to seriously injure the plates except in

Pressure Head
Dok

~Hub

Cushion Plate

Fic. 7

the case of the cast iron. (Fig.7). A cushion of dry sand forming a layer
2 inches thick was enclosed within a steel hoop a little larger than the
plate, but the sand packed irregularly and failed to transmit a uniform
pressure. A satisfactory cushion was finally composed of 11 layers of
oak pieces, cut 24 x 3 x 74 in. piled in crosswise layers, leaving 4 in.
spaces between the pieces to permit expansion. (Fig. 8). This cushion
proved to be sufficiently elastic and also able to sustain pressures suffi-
cient to break the cast-iron plates. Indeed it later supported without
great injury a load of 620000 Ib., or 31 times the safe pressure for
which the plates were designed Any injured pieces could easily be
replaced in order to maintain the efficiency of the cushion.
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Pressure was applied to the flat top of the plate by a hollow cylin-
drical cast-iron hub 12 inches long, 4 inches external diameter, and 34
inch thickness of metal. Since the plates were not planed on top
(which is seldom done in practical construction), several thicknesses
of heavy manila paper were inserted between the hub and the plate.
On the hub rested the pressure head of the testing machine, while the
elastic cushion was placed between the plate and the bed of the ma-
chine. Thus the conditions of the test fairly represented those exist-
ing in actual structures, where the masonry yields somewhat and is not
absolutely rigid like the bed of the testing machine.

The square steel plates were */,¢ in. thick; the octagonal and
circular steel plates were 34 in. thick. The upward deflections of their
outer edges were measured at 4 points to '/, in., and each plate was
gradually loaded to 120000 lb., or with six times its maximum safe
load. This produced an average maximum deflection of 0.29 in.,
leaving a permanent set averaging 0.18 in., when the pressure was
removed. The plate was thus dished, but no failure or cracks were
produced.

These results show that a steel base plate bends more than one of
cast iron, and that it does not so uniformly distribute its load over the
masonry beneath it as a more inflexible cast-iron plate. It follows
that the latter plate is preferable for the purpose. Emmpirical rules
usually make steel plates one-half the thickness of cast-iron plates sup-
porting equal loads.

Mr. Dick deduced from his experiments the following conclusions
for steel plates. ;
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From the results of these tests, Mr. Dick deduced the following
conclusions for cast-iron plates.

“l. The (preceding) formulas for the design of cast-iron plates
may be used with safety.

2. A greater fiber stress than that permitted by the Chicago or-
dinance could be used with safety.

3. Cast iron is better adapted for base plates than steel, as it
gives a uniform distribution of the load over the bearing area for a
greater range of loading.

4. Cast iron will not deteriorate as rapidly as steel when in a
damp place, and for this reason cast iron should be preferred.”

Mr. Dick likewise notes that the fracture lines pass through the
center of each plate and are not tangent to the hub, as assumed by the
preceding formulas. He also suggests that assuming the fracture line
through the center of each plate, the resultant moment of the pressures
about this line may be found and equated to the resistance moment of
the fracture section. But since this 'procedure would render the for-
mulas much more complex and increase the labor of designing a plate,
the extra labor would not be repaid, being unnecessary for safety.

The direction of the fracture line in the plates tested was some-
times changed by the influence of side cracks, probably due to slight
irregularities in the distribution of the pressure, or perhaps to slight
flaws in the castings.

VI. New FormuLAs

The new formulas proposed are based on the following princi-
ples, the result of a theoretical investigation and of the nature of the
failures of the plates.

1. The line of fracture is a shorter diameter of the plate.

2. The breaking moment about this line is greater than that
about a line tangent to the column or hub.

3. The weight of a base plate is very small in proportion to the
load transmitted by it, and it may safely be neglected in the formulas.

4. The pressures at the top and the bottom of the plate are then
equal and act in opposed directions with unequal lever arms.

5. Their moments about the fracture line being necessarily un-
equal, their resultant maximum safe moment is equal to the maximum
safe reristing moment of the fracture section of the plate.
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VII. RESULTANT BENDING MOMENT ACTING ABOUT FRACTURE
LINE

Let A == total area of the plate in square inches;
P = total load in pounds transmitted by it;
L'= perpendicular distance in inches from fracture line to center
of upward pressures on one-half the area of the plate;
then L'= 0.25 X length in inches of a wall or bearing plate;
=0.25 X side of a square plate;
= 0.2187 X inscribed diameter of octagonal plate;
= 0.2122 X diameter of circular plate.
Let L” = perpendicular distance in inches from fracture line to center
of downward pressures on one-half the area of the plate;
then L” = 0.25 X width of a beam or girder on a bearing plate;
= 0.25 X side of a solid square post or column;
= 0.2187 X diameter of solid octagonal post or column;
= 0.2122 X diameter of solid cylindrical post or column.
Let R = radius of outer circle inscribed in cross section of hollow
square or cylindrical column;
r = radius of inner circle inscribed in hollow square or round
column;
3

R3 —r
Then L” = 0.500 T for a hollow square corumn.

0.500R for a solid column.

0.750R for a very thin shell column.
Rs _

73
Also L"= 424 Ez——_—rz—,for a hollow cylindrical column.

Limiting values are {

424R for a solid column.

Lifiing palucs aze { .637 R for a very thin shell column.

These values of L” may readily be found by calculation, but much
more easily by the aid of the graphical table, Fig. 12.
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nk =length in inches of each tapered portion of the fracture
section.
B =k (2n 4+ 1) = length in inches of fracture section.
A'= kt = area in square inches of rectangle in Fig. 13.
A"= nkt = area in square inches of both triangles in Fig. 13.
, 7l
¢= 6(n+41)
gravity of rectangle to neutral axis of fracture section,
Fig. 13.
t nt 5 ]
d'=—————— =vertical distance from center of com-
6 6(n+41)
bined triangles to neutral axis of fracture section, Fig. 13.
., 14
c=d" + -

bottom of fracture section.

— vertical distance in inches from center of

— vertical distance in inches from neutral axis to

kt
Also [ STy + ktd’® — moment of inertia for rectangle.

kts o . '
I= ”18 —+ nktd"?= moment of inertia for combined triangles.

ST fk e’ ) nt? e
D E+td2 _*_—F + ntd ]=safe moment

of resistance of fracture section of the plate. )

Finally

(¢) For tapered section with thick edges (Fig. 14)

Wemmhth = ——w — — —h— == % = —pf—--4

1 s .

| ! -
; e 1

1 & g

1 L_dzl s Eb - .Y

I ! d“‘ IIC 1

| EECTE ]

Fic. 14
Divide the fracture section into two rectangles and two triangles as

in the figure.
Let ¢t = thickness in inches at the middle of the plate.

t' = thickness in inches at the edges.

t"= t— ¢’ = thickness of the taper in plate.
Then A’ = ki"= area in square inches of the upper rectangle.

A"== nkt"= area in square inches of combined triangles.
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IX. METHOD OF APPROXIMATION

As cast-iron plates are generally made with thick edges, the prac-
tical application of the last formula is quite tedious. In order to apply
it, it becomes necessary first to assume the thicknesses ¢, ¢ and ¢, then
using the preceding formulas to determine the corresponding safe re-
sistance moment of the fracture section. This process must doubtless
be repeated several times before a plate is found which has the re-
quired safe moment of resistance of section. Hence the necessity for
a simplification of the method by directly obtaining the required values
of the thicknesses ¢, t" and ¢”, which is accomplished in the following
manner.

By the formula for a rectangular fracture section, the values of

i bt kt?
= Sh o (2n41) (9

¢ (]

are computed for n =0, n=1, n=2, =3, n=4, n=>5, and
these values lie in a straight line, when they are plotted as in the upper-
most line in Fig. 15.

By formula (7) for tapered plates with sharp edges, are next com-
I
puted the values of - corresponding ton =0, n =1, n=2,n = 3,

n =4, and n = 5. These values are then plotted in Fig. 15, forming
the slightly curved and dotted line, next to the lower straight line.
Joining the ends of the curve by the straight full line, this is found to
almost coincide with the curved line, for which it may be substituted
with a slight error on the safe side.

I
Similarly for n =5 only,T is computed for edge thickness ¢ =

0.1¢ 0.2¢ 0.3¢, 0.4¢, 0.5¢, 0.6¢, 0.7¢, 0.8¢, and 0.9¢. These
values are laid off on the vertical for » = 5, and straight radial lines
are drawn to these points in Fig. 15. The corresponding per cents of
resistance may then be easily computed for » = 5, as written in Fig.
15, and which signify that the resistance moment of a tapered fracture
section is a certain per cent of that of a rectangular section of equal
thickness, only for n = 5.

It now remains to determine this per cent for any other value of #.
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The graphical table in Fig. 16 is readily computed and plotted
from the data obtained in Fig. 15. It is used as follows:

2.0
100% Edg: rect.

1.8
_::;u 90-8% Edye 9t

1.6
84.7% Edge 8¢
4 720% Edge -7¢

1.4 +

T4.4% Edge .6t
DR 7L0% Edge .5t
1 68.4% Edge 4t
1.2 66.4% Edge .31
64.29 Edge el
61.8% Edge .1t

Ll

)&—_ = -58.1% Edge shatp.
1.0 aan
A
7
.8
12 4

7
.6 o
.4

Fo
2
.0 1. 28 3. 4. 5. (Values of ratio #)
Fic. 15

Let @ = per cent of resistance moment of a rectangular fracture
section, which is possessed by a tapered section with the same thickness
t and the same value of n.

Example 1. Let ¢ = 0.3 ¢ = edge thickness and n = 2.

A vertical through 2 in Fig. 16 intersects the curve 0.3 on a hori-
zontal through 70.5 at the left, which is the required per cent.
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Example 2. Let = 2.5 and n = 3.5.

A vertical through 3.5 intersects the interpolated curve 2.5 on a
horizontal through 70.2 at the left, the required per cent.

It is further evident that the actual thickness ¢ of a tapered plate
must be somewhat greater than that of a plate of uniform thickness,
when both are required to possess equal resistance moments.

The general formula for base plates is:

% —J_(L/_ LII)__
thickness in inches for a plate of uniform thickness. (10)

LS 1 PR e
Or =N E (I'— L") =
thickness for a cast-iron plate. (11)
4

[2
Let @ = per cent corresponding to T and », found by table (Fig. 16)

Then for cast iron, t == 1(;0 510J i (L — L”)=required
thickness ¢ under the column for a tapered cast-iron platé, possessing
a resistance moment equal to that of a plate of uniform thickness ¢
determined by formula 11. (12)
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XII. GrarHICAL TABLES

It is evident from the example just worked out, that the calcula-
tions required for any particular base plate are quite simple and rapid,
particularly if 4-place logarithms are employed. It is, however, en-
tirely possible to devise a series of graphical tables for materially re-
ducing this labor, thus saving valuable time and lessening liability to
errors.

XIII. TaBLE FOR DIMENSIONS oF Base PLATES

Fig. 21 is a graphical table for determining by inspection the side
of a square, or the diameter of an octagonal or round plate, required
to safely transmit loads not exceeding 200 tons (400000 Ib.), allow-
ing safe pressures of the plate on masonry between 50 and 250 1b. per

sq. in. Fig. 22 is merely an enlarged portion of the same table for .

loads not exceeding 20 tons.

By the use of the upper scale corresponding to the shape of the
plate, it is possible to employ this single table for square, octagonal
and circular plates, by reading the required side or diameter on the
proper scale.

Example. A plate is required to safely transmit a load of 100
tons, allowing a safe pressure of 125 Ib. per sq. in. on the masonry
beneath it.

Locating the intersection of a horizontal through 100 tons with
the curve for 125 1b., and following a vertical through this point to the
respective scales at the top of the table, we read the following values:

40.0 in. = side of a square plate required.
42.0 in. = diameter of an octagonal plate.

45.0 in. = diameter of a circular plate.

Pressures intermediate between the given curves can be easily lo-
cated with sufficient accuracy.

~
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XIV. TaBLE For THE FAcTor J3BP

The general formula for a plate of uniform thickness is

1)
t = J3 (L' — L") = thickness in inches. (10)

This may be factored in the form

t — JEBE X JL ; . thickness in inches.

Fig. 23 exhibits the relations of the three quantities
P — total load in tons transmitted by the plate.

B = length in inches of the fracture section.

J—SB—P = one factor in the last formula.

Example. Take the square plate in the last example. P = 100
tons, B —=40.0 in. The intersection of a horizontal through 100 tons
with the curve for 40.0 in., and a vertical through this point gives at
the top of the table iBl_)r- 112245

P

Assume that a 12-in. cylindrical cast-iron column with 114-in.
metal stands on this base plate.

Then —1:— :% = 0.79, and by the table in Fig. 12:
. ; 40 !
L” = 572 X 600 =343 in.; L' = ooy 10.0 in.

Hence L' — L” = 10.0— 3.43 = 6.57 in.
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XV. TABLES ForR PLATES oF UNIFORM THICKNESS

The table in Fig. 24 exhibits the relations of the three quantities:
:‘;_1)= the factor whose value bas just been found from Fig. 23,
L' — L"” = difference in lever arms of the upward and downward bend-
ing moments.
¢t = thickness in inches represented by curved lines in the table.

In designing the tables in Fig. 24 and 25, the factor JE_?_LL is

actually employed, but the device of separate vertical scales for the
different values of f makes the table more convenient for use.
Resuming the last example and employing the table Fig. 24, a

vertical through 122.5 at the top intersects a horizontal through 6.57 at
the left, giving by estimation between the nearest curves the following
values for ¢.

t =21 in. for a steel plate.

t = 2%/, in. for a wrought-iron plate.

Employing the table, Fig. 25, in the same manner for cast-iron
plate of uniform thickness:

t = 534 in. for fiber stress of 3000 Ib. per sq. in.
t=6°/,, in. for fiber stress of 2500 1b. per sq. in.

t .
Assuming 0.20 for the ratio —, and # = 1.17, by the table, Fig.
16, @ — 72.5 per cent. -

By formula 12,

el JT_IZ(%X 5.75 — 6.76 in. at middle for f — 3000 Ib. per sq. in.

2.5

Then 6.76 X 0.2 = 1.35 in., and 7.41 X 0.2 = 148 in., the re-
spective thicknesses at the edges required.

It will be seen that Fig. 24 contains two vertical scales, one for
steel with fiber stress of 16 000 1b. per sq. in. and the other for wrought
iron with fiber stress of 12 000 1b. per sq.in. Fig. 25 likewise has two
vertical scales corresponding to fiber stresses of 3000 1b. and 2500 Ib.

per sq. in.

s J 100 6.3l — 741 e e e e WO per 5. i



ILLINOIS ENGINEERING EXPERIMENT STATION

30

F&cfar\/g_

S X N ) @ N © L[> < M
i = LT LHF z avi \ \ ~
L |+ 1 L1 \\\ ol - 1 K LA \\ \\\ \\ \
o = = A ” \ o
EnlBt il EaiPZa D ZdBE AP <APIRY \\ vAava / 2
— 1 | e \
,M\ = = | L+ | T A1 | A » L L/ / \ \
EN = 1 P =% vzd - - v \
T LT LT T LT dlP2EN% \\ /A 1/ \
- ] L1 | \\ \ v 4 \
11 ] 1 \_\\\ L1 1 1] ol \\ \\T e \ \ \\
- 3 A =
=i \\\\\ LT 1 1 L1 ol \\ V \ \ \\
— — = I L / y
1T LT T T L LT LA 1] ol o L, \\ \ 2
|t
Sl — 11 \\\_\\ 1] 1] d o P ya / \
= \. —T1 | \\\\\\ \_\\\\ \.\\\ \\\ \_\ ] \\ [
<l
—— pneet
—— =1 1 - L1 L1
1 1
L LT — 1| 11 L1 yd \\
bt ]t 1 \\\ \
o T 11l LA t—rTT7 |11 L1 P / )
L p — [ ——
- e 11 A
\\\\\ ] 1] %
——— — ”
| Ad——1T"T| »
\\‘
3 3 N3 ) s ] & 9 N O woym §
F_____________.______.________________.____.__________.___________
_w_.__ __—.:.J-__. LI ....&-.q_uw.._. ..__Lu_. .&_._____.___.___..q.
w “ 8 # + wW < N Q N L
A/ 12948

Fig 24




RICKER—STUDY OF BASE AND BEARING PLATES

S

a

$

3

Py
A

S
1

<

Cast Iron 3000%

Factar\l%?-
0 20 30 40 5060 7080 90 100 #0420 130 HJ 150 150 170 150
1 TIRY A \\RWA \|

= | I{HWARWIYA B\ \\RNATAFY
- ||l WiTR ) \ VY N
£ IHELE LR WLYANAYE W
i | | NA
E | | \ TREAREANEYATRUAYRNAVE
= | | \ WAENAENE
- \ \ VAN
7 | \ \ \ ALY NCAINAINC A 25
"~ | | \ \ \ \NAE\VAUAY
u 1 \ \ \ N[ \VIRY
L | \ \ \ NV ATY B
+ \ \ \ \INCATY N Y22
E | | ML \ \ \ L H\YRYAY
E | \ \ \ \ [\ y N
B 1N LA \ L A\ \ | Vo,
+ N \L [\ \ \ \YRY \
- \\ \‘ \ \\ \ \\\ A
B \
3 I\ \ \ i
& (1) \[ [\ YA \ NBY
L U AR \\HAY NRY Y\ N Ny
- WO N \ \ N
r | HATRAYEAYELY NENANANAN
C 'HR NN,
= W IYEIVEAYE AVHAY A EAVAUAN
- \[ I \ \ \ V7
5, \ \ NINEN ‘
C 1 \WHAN Y[ N LUAN ?\/6
L | \ L ERY AUAN N !
- | \ A AUAN N
r \ \ \ NEAN 2
C IVEAEENER NN NENEAY
L \ \ A X\ AN
- \ NN N |
L NEX NN N3
- NEE\\ERNEANEANEN SR
T \ \ A NTINTINTN /2
N YTAANEERUERYEES
_go ! \ b N N ANEAN NN/
_Q. \ ™ N \\ \\/U
_§ y A § N . NI TN ~9
:§5 O & N ™ o
-_}é g 3 N (< N ;
- N ™~ - ™~ T
"b \‘ N \TR— - I T g



















PusLicaTiONS 0F THE ENGINEERING EXPERIMENT STATION

Bulletin No. 1. Tests of Reinforced Concrete Beams, by Arthur N. Talbot.  1904.  (Out
of print),
: Circular No. 1. High-Speed Tool Steels, by L. P. Breckenridge. 1905. (Out of print).

Bulletin No. 2. Tests of Figh-Speed Tool Steels on Cast Iron, by L. P, Breckenridge
and Henry B. Dirks. 1905.. (Out of print).

Ciércular No. 2. Drainage of Earth Roads, by Ira O. Baker. 1906. (Out of print).

Cércular No. 3. Fuel Tests with Illinois Coal. (Compiled from tests made by the Tech-
nologlc Branch of the U. S. G. S., at the St. Louig, Mo., Fuel Testing Plant, 1904-1907, by

Breckenridge and Paul Diserens.) 1909.

Bullctm No. 3. The Engineering Experiment Station of the University of Illinois, by
L. P. Breckenridge. 1906. (Out of print). -

Bulletin No. 4. Tests of Reinforced Concrete Beams, Series of 1905, by Arthur N.
Talbot.  1906.

Bulletin No. 5. Resistance of Tubes to Collapse, by Albert P, Carman. 1906. (Out of
rint).
2 Bulletin No. 6. Holding Power of Railroad Spikes, by Roy 1. Webber.  1906. (Out¢ of

int

& )Bulleu'n No. 7. Fuel Tests with Illinois Coals, by L. P. Breckenridge, S. W. Parr and
Henry B. Dirks. 1906. (Out of print).

Bulletin' No, 8. Tests of Concrete: I. Shear; II, Bond, by Arthur N. Talbot. 1906.
(Out of print).

Bulletin No. 9. An Extension of ‘the Dewey Decimal System of Classification Applied
to the Engineering Industrics, by L. P. Breckenridge and G. A. Goodenough. 1906.

Bulletin No. 10. Tests of Concrete and Reinforced Concrete Columns, Series of 1906,
by Arthur N, Talbot. 1907. (Out of print).

Bulletin No. 11. The Effect of Scale on the Transmission of Heat through Locomotive
Boiler Tubes, by Edward C. Schmidt and John M. Snodgrass. 1907. (Out of print).

Bulletin No. 12, Tests of Reinforced Concrete T-beams, Series of 1906, by Arthur N.
Talbot. 1907. (Out of print).

Bulletin No. 13. An Extension of the Dewey Decimal System of Classification Applied
to Architecture and Building, by N. Clifford Ricker, 1907.

Bulletin No. 14. Tests of Reinforced Concrete Beams, Series of 1906, by Arthur N.
Talbot. 1907. (Owut of print).

Bulletin No. 15.. How to Burn Illinois Coal withoup” Smoke, by L, P. Breckenridge. 1908.

Bulletin No. 16. A Study of Roof Trusses, by N. Clifford Ricker, 1908.

Bulletin No. 17. The Weathering of Coal, by S W. Parr, N. D. Hamilton and W, T.
Wheeler. 1908. (Out of print).

Bulletin No. 18, The Strength of Chain Links, by G. A. Goodenough and L. E. Moore.

Bulletin No. 19. Comparative Tests of Carbon, Metalized Carbon and Tantalum Fila-
ment Lamps, by T. H., Amrine. 1908. (Qut of print).

Bulletin No. zo. Tests of Concrete and Remforcsed Concrete Columns, Series of 1907,
by Arthur N. Talbot. 1908. (Out of print).

Bulletin No. 21. - Tests of a Liquid Air Plant, by C. S. Hudson and C. M. Garland." 1908.

Bulletin No. 22, Tcsts of Cast-Iron and Reinforced. Concrete Culvert Pipe, by Arthur N,
Talbot. 1908,

Bulletin No. 23. Voids, Settlement and Weight of Crushed Stone, by Ira O. Baker. 1908.°

Bulletin No. 24. The Modification of Illinosis Coal by Low Temperature Distiilation, by
S: W. Parr and C. K. Francis. 1908.
\hh Bulletin No. 25. Lighting Country Homes by Private Electric Plants, by T. H. Amrine.

Bulletin No. 26. High Steam-Pressures in Tocomotitve Service, - A Review of a Report
to the Carnegie Institntion of Washington. By W. F. M. Goss. 1908.

Bulletin No. 27. Tests of Brick Columns and Terra Cotta Block Columns, by Arthur N,
Talbot and Duff A. Abrams. 1909.

Bulletin No, 28. = A Test of Three Large Reinforced Concrete Beams, by Arthur N.
Talbot. 1909,

Bulletin No, 29. Tests of Remforced Concrete’ Beams: Resxstance to Web Stresses, by
Arthur N. Talbot. 1909

Bulletin No. 30. On the Rate of Formation of Carbon Monoxide in Gas Producers, by
J. K Clement, L.-H. Adams and C. N. Haskins. - 1909.

Bulletin No. 31. Fuel Tests with Iouse-heating Bonlers, by J. M. Snodgrass. 1909.

Bulletin No. 32. Occluded Gases in Coal, by S. W. Parr and Perry Barker. 1909.

Bulletin No. 33. . Steam Boiler Furnace Trials of Washed Grades of Illinois Coal, by C.
S. McGovney., 1909,

Bulletin No. 34. Tests of Two Types of Tile Roof Furnaces under a Water-tube Boiler,
by J. M. Snodgrass. 1909.

Bulletin No. 35. A Study of Base and Bearing Plates for Columns and Beams, by N.
Clifford Ricker. 1909.



2

THIS Boo i . . - 3 -
KSIFA%E ON THE 1,45 S5 :
= ity ST oare - NOTS
oy =2 T

AN INI
WILL BEAZ;IEI-AL FINE OF 25 CE TOEs
x THIs BO SSED FOR FA”—UR NTS =D 3
wiLL ‘NCREASN THE paTE pyg E T0 RETURN ;5 g
SAY AND 1o Es;"% 50 CENTs opy THEEPENAL RSN
& VERD ‘00 o Fou A et SO
e UE. N THE sEvenNT, SI;' (Ancient and
MAY cal and Politi-
v A -
18 194 ommerce and

d library; spa-
shops. Grad-"
e; Architectural
il Engineering;
cal Engineering; -
g). : §iw52
any, Chemistry, =
Zoology).

~ ———_____jimal Husbandry,

e, Veterinary Sci- -

hysicians and Sur- - ]

‘hree years’ course).

music (Voice,
, PHARMACY,
ENGINEERING ~

\\zé weeks is open each .
\hp,_"l.]ni‘vé;isity’i'fbr in-
7 connected ‘with the -
\Janizatiqns for educa-
fandolin Clubs, Liter

s and Clubs, _qun_g

\;Ssdéiétion@} Sy
State Laboratory of
nt Station on Illinois
ygical Survey, =
s LD 21-19 :d’EE- =3 t;i‘}ex__fgf o:g’fin{z‘e?l"
toinvesugad. . °0™7’40(69365) €0 the engineering and
“ manufacturing interests O¥ e [, = = - o

s 122,000 volumes, an

' The Library contain
o e a e i S
: .,,’.lffx;e-;'Univ' reity offers 5. 6 Free _Bchi_:jarspip-g %
. For catalogs and information address A
' .~ W. L. PILLSBURY




ive of Illinoise

Tpea Ve, naa
20

R3S

eation. |Bulletine

UNIVERSIJ







